CA88 is the first long nuclear repetitive DNA sequence identified in the blood fluke, Schistosoma mansoni. The assembled S. mansoni sequence, which contains the CA88 repeat, has 8,887 
online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 105(4): 391-397, June 2010 Micro (2-6 bp) and minisatellites (8 to more than 100 bp) are tandem repeated DNA sequences (Hamada et al. 1982 , Tautz & Renz 1984 . Both types of DNA repeats are abundant, occur randomly in coding and non-coding regions throughout eukaryotic genomes (MacLeod 2004 , Oliveira et al. 2006 ) and display high levels of mutation (Jarne & Lagoda 1996 , Armour et al. 1999 . As a result, micro and minisatellites serve as excellent tools for high resolution molecular fingerprinting to type both individuals (Hagelberg et al. 1991 ) and populations (Jarne & Lagoda 1996) . They can also be used to construct genetic maps and to identify loci involved in genetic diseases (Dietrich et al. 1996) . Furthermore, micro and minisatellite based probes have become key elements to distinguish individual eukaryotic parasites such as Plasmodium (Collins et al. 2000) , Trypanosoma brucei (MacLeod et al. 2000) , Trypanosoma cruzi (Macedo et al. 1992) and Theileria parva (Oura et al. 2003) . Given that a significant level of intra-specific variation has been detected within Schistosoma mansoni populations (Rodrigues et al. 2002b) , there has been a growing interest in analysing how that variation is partitioned within and flows between natural populations. Polymorphic DNA sequences have been a valuable tool in determining the distribution of schistosome genotypes among intermediate hosts (Minchella et al. 1994 , Dabo et al. 1997 , Sire et al. 2001 , Eppert et al. 2002 , Liu et al. 2006 . Furthermore, these DNA sequences are also useful in the examination of S. mansoni population structure and subdivision within definitive hosts (Rodrigues et al. 2002b) .
Several microsatellite markers in S. mansoni have been identified and developed. These markers have proven to be highly useful in genetic and population studies of Schistosoma spp (Scharf et al. 1998 , Durand et al. 2000 , Blair et al. 2001 , Prugnolle et al. 2002 , Rodrigues et al. 2002a , b, 2007 . It is worth mentioning that single nucleotide polymorphisms in S. mansoni have also been described (Simões et al. 2007) . Currently, only two tandemly repeated arrays have been reported for Schistosoma spp.
F21 is a 62-bp tandemly repeated array in S. mansoni (Pena et al. 1995) , while DraI is a 121-bp tandem repeat in Schistosoma haematobium (Hamburger et al. 2001) . However, the F21 sequence appears to be unique to S. mansoni (DA Johnston, unpublished observations), which limits its application to the Schistosoma species. Furthermore, DraI exhibits cross-hybridisation signals with DNA from Schistosoma magrebowiei, Schistosoma bovis, Schistosoma mattheei, Schistosoma intercalatum and Schistosoma curassoni. Therefore, its use is restricted to studies that do not include these species (Hamburger et al. 2001) . This is the first report of a cross-species Schistosoma long nuclear repetitive DNA sequence, identified as CA88. This DNA repeat is likely to be present in the genomes of all nine Schistosoma species examined, from both African and Asian lineages, which are of medical and veterinary importance. The CA88 profiles obtained with specific primers are used to classify the Schistosoma species according to four genotypes.
In addition to CA88, a panel of four microsatellite loci has been used in the characterisation of the nine Schistosoma species. The use of CA88 nuclear repetitive DNA sequence in conjunction with microsatellite markers resulted in the identification of inter and intra-specific differences across Schistosoma species. Therefore, these two elements can be used to identify and classify these species on the basis of a DNA fingerprint profile.
MATERIALS AND METHODS
Schistosoma species -Adult worms from the following nine different Schistosoma species, which represent the three main species groups as well as both African and Asian lineages, were used in this study: (i) S. haematobium (NHM-3388, from Mali), S. magrebowiei (NHM-2623, from Zambia), S. mattheei (NHM-2763, from Zambia), S. bovis (NHM-1289, from Kenya), Schistosoma guineensis (NHM-1624, from São Tome) and S. curassoni (NHM-C1, from Senegal), from the terminally spined African (S. haematobium) group, (ii) S. mansoni (LE, from Brazil) and Schistosoma rodhaini (NHM-303, from Burundi) from the laterally spined African (S. mansoni) group and (iii) Schistosoma japonicum (NHM-1314, from China) from the Asian (S. japonicum) group. To minimise the effects of genetic selection in laboratory hosts, the worms were collected, when possible, either directly from the field or from recent field isolates maintained for a couple of passages in the laboratory. Worms were recovered from laboratory hosts by cardiac perfusion with citrate saline and stored in liquid nitrogen. Worms were thawed into absolute ethanol for transport.
DNA extraction -DNA was extracted from 10 individual worms of each species. Worms were washed in phosphate buffered saline, placed individually into 1.5 mL microcentrifuge tubes and stored at -20°C until DNA extraction. Worms were homogenised by five cycles of pulverisation in a dry ice bath followed by thawing in a 37°C water bath. The homogenate was resuspended in 50 µL of 50 mM Tris-HCl pH 8.0, 100 mM EDTA, 100 mM NaCl and 0.5% sodium dodecyl sulfate (Grossman et al. 1990 ) and incubated in the presence of 20 µg/mL proteinase K, at 37°C overnight. Standard phenol/chloroform extraction and ethanol precipitation (Sambrook et al. 1989 ) were used to purify and recover DNA from the lysate. DNA was resuspended in 30 µL of 10 mM Tris-HCl, 1 mM EDTA, pH 8.0 (TE).
Bioinformatics tools -BLAST (Altschul et al. 1990) and FASTA (Lipman & Pearson 1985) were used to search the CA88 sequence against different databases (DB), including the non-redundant protein DB, core nucleotide and EST DBs at National Center for Biotechnology Information (NCBI), The Institute for Genomic Research and S. mansoni geneDB version 3.1 (http://www.genedb. org/genedb/smansoni/), hosted by the Sanger Institute. Low-complexity filters in the search algorithms were turned off to prevent the masking of low-complexity segments of sequences and repeats. Tandem repeat DNA regions were identified using Tandem Repeats Finder software (Benson 1999) .
Annotation and graphical analysis of the CA88 repetitive DNA sequences were performed using a local installation of Artemis (http://www.sanger.ac.uk/Software/Artemis/) with custom PERL scripts to analyse and format the results and also provide local copies of the relevant DB.
Microsatellite analyses -Microsatellite analyses were performed by PCR using 1 ng of template DNA, 0.75 U of Taq DNA polymerase (Invitrogen), 1x PCR buffer (1.5 mM MgCl 2 , 50 mM KCl, 10 mM Tris/HCl, pH 8.3), 10 µM of each primer and 200 µM of each dNTP. PCR amplifications were carried out in a Perkin Elmer model 9600 thermal cycler in a final reaction volume of 10 µL. The cycling conditions were: denaturation at 95°C for 3 min, followed by 35 cycles of denaturation at 95°C for 45 s, annealing at primer dependent temperature for 1 min (Table I ) and extension at 72°C for 30 s. PCR primers for microsatellite amplifications were designed using the software FastPCR (Kalendar 2003) . One primer of each pair was labelled at the 5' end with fluorescein to allow allele scoring using the AlleleLinks software package in an ALF automated sequencer (Amersham), as previously described (Rodrigues et al. 2002a (Rodrigues et al. , 2007 . Amplification products (3 µL) were visualised by electrophoresis on 8% polyacrylamide gels (PAGE), followed by silver staining (Sanguinetti et al. 1994) .
RESULTS

SmBr18 is a microsatellite within CA88, a long nu-
clear DNA repetitive sequence in S. mansoni -To further characterise CA88, we have carried out several in silico analyses. A 364 bp DNA sequence from S. mansoni, named SmBR18 (GenBank accession DQ137590.1), previously identified from an S. mansoni (CA) enriched library (Rodrigues et al. 2007) , was used in BLAST analyses (Altschul et al. 1990 ) against the NCBI (http:// www.ncbi.nlm.nih.gov/blast/Blast.cgi) and SANGER (http://www.sanger.ac.uk) DBs. The following sequences, DQ137585.1, DQ137520.1, DQ137504.1, DQ137567.1, DQ137605.1, DQ137539.1, DQ137537.1, DQ137526.1, DQ137489.1, DQ137525.1, DQ137461.1 and DQ137466.1 displayed similarities with the SmBr18 sequence. These sequences were clustered using CAP3 (Huang & Madan 1999) , forming a 1,980 bp consensus sequence that was designated as CA88.
Initially, CA88 was compared to the current S. mansoni genome assembly from GeneDB version 3.1. Three supercontigs (Smp_scaff000011, Smp_scaff000047 and Smp_scaff000068) were identified as containing sequences similar to DQ137590.1 and therefore were further examined. In supercontig Smp_scaff000011, the DQ137590.1 element is located within intron 6 of the predicted gene Smp_scaff000011_0570 as a consensus repeat of 355 bp and shares 95% identity between the 3.7 copies present in the region. In supercontig Smp_scaff000068, the DQ137590.1 element is located at the end of the supercontig and was characterised as a consensus repeat of 358 bp, which shares 98% identity between the 2.1 copies present in the region. In supercontig Smp_scaff000047, only small fragments of the DQ137590.1 element were identified ( Fig. 1, Supplementary data) .
The consensus sequence assembled from database sequences matching the repeated regions of these supercontigs is 8,887 bp long and contains approximately four tandem copies of the CA88 repetitive sequence (Fig. 1 , Supplementary data). The CA88 sequence contains two repeated regions consisting of a (CA) microsatellite that varies from 7-14 dinucleotide repeats and a CA rich region ( Fig. 1 
, Supplementary data).
SmBr18 is a microsatellite repeat and is conserved among Schistosoma species -SmBr18 PCR primers were designed to amplify a fragment of approximately 145 bp that spans the (CA) microsatellite repeat of the CA88 unit. The primers were tested in PCR using DNA samples from 10 individuals of each of the nine Schistosoma spp. We observed band patterns in the PAGE gels consistent with the presence of more than one amplification site in each species tested. These data suggest that the SmBr18 microsatellite is present in the CA88 regions of all Schistosoma spp ( Fig. 2A, B) .
Microsatellite variability among nine Schistosoma species -In addition to SmBr18, three other microsatellite loci were also selected and used in this analysis (Table I). These markers are identified as SmBr5, SmBr6 (Rodrigues et al. 2002a ) and SmBr9 (Rodrigues et al. 2007 ). These four microsatellite loci were designed from S. mansoni sequences and tested on DNA extracted from individual worms of nine different Schistosoma species (Table I) . The microsatellites SmBr5, SmBr6 and SmBr9, which have been previously described for S. mansoni, exhibited a high number of alleles across the species. Furthermore, all of the species generated amplification products for the new SmBr18 locus. Notably, only the SmBr18 locus produced amplification products for S. guineensis and S. curassoni (Table II, Fig. 3 , Supplementary data). The data presented in Fig. 2 demonstrate that the microsatellite locus SmBr18 generated a complex, multi-band profile for each species examined ( Fig. 2A, B) .
The multi-band profiles of Schistosoma species, which were obtained by PCR with SmBr18 primers, were identified by PAGE analysis ( Fig. 2A, B ) and analysed for polymorphisms based on the presence or absence of specific bands (Zalloum et al. 2005) . The fragment sizes were assigned using the AlleleLinks software package in an ALF automated sequencer (Amersham). The profiles obtained are reproducible in separate assays. Four separate genotypes were identified (designated I-IV) ( Fig.  2A , B, Table I ). Three genotypes (I, II and IV) reflected the traditional species group to which the species are assigned (Rollinson & Southgate 1987 , Littlewood & Johnston 1995 , Barker & Blair 1996 , Webster et al. 2006 .
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CA88 minisatellite begin, CA88 minisatellite end, SmBr18 microsatellite, GT rich region, forward and reverse primers Fig. 1 : fragment of the CA88 nuclear repetitive sequence (for complete sequence see Supplementary data).
237, 280 and 500 bp. S. magrebowiei, an "African" terminal-spined egg group species, displayed a unique genotype (genotype III) ( Fig. 2A, B) . Genotype III, although broadly similar to that of the other members of its species group (i.e., shares a band of approximately 158 bp and lacks the smallest band seen in genotypes I and IV), showed a distinct ladder of bands ranging between 158-280 bp. The four genotypes were consistently obtained in different amplification experiments from the same individual worms and also between amplifications of different worms. Fig. 2 : polyacrylamide gels (PAGE) profiles of SmBr18 amplification products from nine Schistosoma species. Primers flanking SmBr18, derived from the sequence of CA88 (ACC # DQ137431), were used to amplify the DNA of individual Schistosoma species. The distinct profiles of bands generated by this assay were visualized by PAGE analysis. Different genotypes have been assigned to Schistosoma species. The band sizes were determined by using specific markers on PAGE gels. A: M: 50 bp DNA ladder. Lane 1: Schistosoma mansoni; 2: Schistosoma rodhaini; 3: Schistosoma haematobium; 4: Schistosoma guineensis; 5: Schistosoma magrebowiei; 6: Schistosoma bovis; 7: Schistosoma curassoni; 8: Schistosoma mattheei; 9: Schistosoma japonicum; B: assigned genotypes (I -IV) are indicated above the lanes. M: 50 bp DNA ladder. The band sizes are indicated on the left. 451, 454, 457, 463,475,478, 481 254, 257, 260, 263, 266, 272 146, 149, 152, 158 127, 135, 137, Table II demonstrates that CA88 genotypes, together with a microsatellite panel, can be used to identify and classify each species according to a DNA fingerprint profile. Furthermore, intra-specific variation has also been observed in these studies (data not shown).
DISCUSSION
CA88 is the first long nuclear repetitive DNA sequence to be reported for S. mansoni. It appears to occur in all nine Schistosoma species examined in this study, including the five species that infect humans. These nine Schistosoma species represent the three main species groups in both African and Asian parasite lineages. In S. mansoni, for which a genomic sequence is available, at least 3.7 copies of CA88 occur within the introns of predicted genes.
Amplification profiles generated by primers targeting a SmBr18 microsatellite within the CA88 long DNA repetitive sequence are used to classify the nine Schistosoma species into four genotypes. Three of the genotypes correspond to the traditional species groups that are delineated by egg morphology, geographic distribution and intermediate host specificity (Rollinson & Southgate 1987) . Apart from the alignment of the CA88 sequence with contigs of the current S. mansoni genome assembly, no link has yet been established between this nuclear repetitive DNA sequence and a specific gene.
In the same fashion as DraI, a 121 bp tandem repeat from S. haematobium (Hamburger et al. 2001) , CA88 appears to be an unusual nuclear repetitive DNA sequence that cannot be classified as a minisatellite. Presently, the 8,887 bp consensus sequence flanking CA88 contains at least three repeat units of approximately 360 bp. Furthermore, the 8,887 bp consensus sequence was produced by an alignment of sequences from the analysed DB, followed by tandem arrangement of the repeats.
The terminal-spined species group includes three species that are human parasites: S. haematobium, S. intercalatum and S. guineensis, the latter previously having been assigned as a sub-population of S. intercalatum (Webster et al. 2006 ). This group also comprises five species that parasitise wild and/or domestic (artiodactyls) animals: S. bovis, S. curassoni, Schistosoma leiperi, S. magrebowiei and S. mattheei. Therefore, this group can be considered of medical, veterinary and economic importance. Compared to the other members of the species group examined in this study, S. magrebowiei displays a unique genotype.
Recent multigene phylogenetic analyses, which utilised entire nuclear ssrDNA, lsrDNA and partial mitochondrial COx1 sequences, have improved our phylogenetic understanding of the species group. These studies have resulted in the relocation of S. magrebowiei from its original identification as the sister taxon of S. mattheei [following analysis of COx1 sequences (Kane et al. 2003) ], to its new position as the basal clade of the species group (Webster et al. 2006) . Undoubtedly, S. magrebowiei may have retained genomic characteristics that separate it from the more divergent members of the species group, as is suggested by its distinct genotype. In support of this hypothesis, S. magrebowiei is predominantly a parasite of wild antelopes (lechwe, puku and waterbuck), rather than domestic stock (Christensen et al. 1983 ). This organism also does not mate with other members of the species group, either in the wild or in the laboratory (which is the case for schistosomes) (Webster et al. 2006) . S. magrebowiei also has a much larger adult body size and higher reproductive rate relative to other members of this group, as it is the largest of the Schistosoma species (Rollinson & Southgate 1987) .
Although the markers used in these studies can discriminate species within the Schistosoma genus, they can also serve as tools in population genetic studies of a species. Thus, as suggested by Yin et al. (2008) TATGT-GTGG GTG-TAATGA GAGT-GACAT TGATGGTTGG ACAGATTTCT CGTTGGACGA CGATGTTGAT DQ137520
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AATGTTTGGT GAATGATGGT TA-TGGGGAG GAGTG-GTGT TCCCTGTTAT GTTTCC-GTT GT-TCAGGTT CONTIG-0 AATGTTTGGT GAATGATGGT TA-TGGGGAG GAGTG-GTGT TCCCTGTTAT GTTTCC-GTT GT-TCAGGTT AC >Smp_scaff000011  TTCCAGTATTTAAAATTCATCAGGGGAAATAATATATGTGGTCTTTTAATGCTACAGTTTGTATTGTATACTTAGGCTGACAATT  TTCAACTTGTTAGAATTTTTGCTTAAATTAGGAATAATTTGTTCTTGTTCTTGTGGTTGTGTGGTTTCATTCAGTTTCATATATA  TCTATTCTTTATTGGACTGAGCTTCAACCTTGCTAGTCGAATCCCAGTTATTTGGTAATTTAATCTGGGTCGCATTTGTTTCTTG  GTGTTTGTTAGTTGAAATTGGAAGCCACAAGTATTTGATTTATGTAATTCAGTATTATTTTGCAGTTTGGCATTGGTGCGAAATC  AGTGCATTCTTCAACAAAACCCACCTGTCGTTTCACCTGTTTCCTCAAGTCAGCACAATCCTTTGATTTCATCTCCGAGCGTTCG  TGGATTAATGTTACCAAATATCCAACCCAATGATTTATCTCTTTCCTCATACCTTTCACGTTTTCCTGTTCAACCAACAAATGCC  GAGTCTAAGCAGTCTGTTAGTCTGTCATCAACTATTATACCGTGTTCAAAACAACCATCAGGATTCGTCGCTTCACTCGAGGAAG  TGTCCACAGTTAAAGAAAGCGACCCAAACCGTGGTGGTTGGATGACAGATTATGAAGCAATTGGTGTGTTATTGATTCAGTTGCG  TCCTTTAATGGTATCTAATCCCTATGTCCAGGTCAGTTTCTTATTTTCTGAATGAGTTTCTAATTTACTACACTTTTAGTTGATT  ATGTGATTCTTAAGTAGCAGAGTTGCTTGAACATTAATGCCTCTGATCACTGAATGATTTTGTCGGCTGGATCGTTTATGTCTTT  TCATTCACTGTAAGTGAAACATAGGAGCTGTAGTTCTTAGCACTTGATGAAAATTAATCAAGGTTAATAGTTCCGTGATAAGTCA  CTTATTTACAGCAGTATGAAGCACCACATTATTAGGGCTATGCGGTAATAAAAATGTAGGTCAAACCTCTCCATATATCTGTTTA  GTGGATATAATTTGGGCGAAATTGCCTGTTTTGAAACGTCTTTTAATACAGTTTGAAAGTTGATACACCATATATTTATCATCAA  AATGATGGAATTCGACATCAAAATACTCGTTCTTTGAATTTCAGGTTCAATGAAATCCCACTTGTTTCGGATGATTTCCTTCAAG  AATAATTTGCTATAACTTCTGAGGATTTTGGCACAGTTGATAGTTTTTTCAACGGTTAATTGTAATAAATAGTTGTCTATTTATC  TCAAATTATGTATTCAAATTTCACATAACAAATAATCAAATTCTAACAAACAATTATTAGTTAGCCTATAATTTATTATGGGCAA  ATATGTATGGTTGTACAGCTTTGAAAATGAATTATTTGCTGAGTTAATCATTTTATTATTCAAGAAGTGTTTTTTAGAATTAATT  TCCGAGCTAATATAGATTGAATTTCATGTATGTGTCCTTAAGACCATGAATTTCCATGGCTTGTTTATTCATACTCAGATCAATG  TCTCTTTTGATTTTGAACTTTCTATGTAAAAGTGACCAGGAACTTCCGAGGCTTATTCATTTCTATCTTGAATAACCGAAATGCA  TCGGTGTCCATAACTGAGTAATACCCAGAATGTTGATTCTGTTACCAGTTGTTCCGTCATTTGACTTAAAATGCATTACTGCTTG  ATATACTGTAATTCAGTTAATTTCTGTGTCATGAGTGGAAAATGTAGTGGTTGTTTTATTCAGACAAATTTTTAGTTGTTAGTTT  AACGGTATAGTAGTTTCTCCATTTCGAGACATAATCTCACTGTTATAGTTGTTTTTAATCTCCCAGCTATACAACAAAATAAAAA  TAAATAACATCCGAAAATTGGCTAATTTCTAAGTTTGAATTTTGTTTAGGTATACGTTTATTGCTGTCAATGTACCTGAGCGTCT  TTCTTTTTGTCGTGAACAAGTCTAATAATGATATCGTACACTGACTAGTTATTCAAGGACTACTAACCATTATTTCTCTTGCCAG  GATTATTATTTTGCATCTCAATGGCTGCGACGAATGAATGCTATTCAAGCTAAGCATATTTCAAAACATAAAATGAACACTACAA  CTTCACCAGCAATAGTGCAGCTTCCTATTCCTATACCATTGGAAAGCTTGAGCGATTCCAATTCATCATATCAAGTAACTCTAAA  ACATAAACTTGTTATTCCGTTTCGTGCTGTGAATCGCAATCCTGGCTCTGACCAAAATGTGGATGAAAGCTGTGGCAGCTTAGAA  AAAAAAAGTGTATGTTCAGAAACTCCTACATCTGAATCAAGTAATGCACTGGGTCGTCCTACTAGATCTAATGTTCATCGACCCC  GTGTAGTAGCAGAGTTATCTCTGGCGTCCGCGATTTCATCTACTTCAGAAAACTCTTATCCAATGATACACATCGATAACCATTC  ACTGAATAGAAAAGTAAGTCACACAATATAATACAAAATAATCAATACAATAATAAACACGGAAAATGCGCATCAATTTCTCCCG  GAGTGTGCGAAATGTTCAAGTCTTATCAGAACATGAATGAAGGATATTGTGTGTTGGGTTGATTATATGTTGATTGTTTTTCGTT  GTAATAGTGGTGTTTGAATGTTTGGTGAATGATGGTTATGGGGAGGAGTGGTGTTCCCTGTTATGTTTCCGTTGTTCAGGTTGTG  TGTGTTGTGTGTGTTGTGTGTGTTGTGATGTTCTAGTGTGTGTAATGCATGTAAGTACTCTCGACCAGTCCACTTGTTGTTTGTT  AACATATGTGTGGGTGTAATGAGAGTGACATTGATGGTTGGACAGATTTCTCGTTGGACGACGATGTTGATTTGCGTAGTCGTGT  TCCATTTTCTGTCTACATGTTGATGAAGGAGTGTGTTTGTGTGTGTGTGTGTGTGTGCATGTGGGATATAGTGTGTTGGGTTGAT  TATGTGTTGATTGTTTTTCGTTGTAATAGTGGTGTTTGAATGTTTGGTGAATGATGGTTATGGGGAGGAGTGGTGTTCCCTGTTA  TGTTTCCGTTGTTCAGGTTGTGTGTGTTGTGTGTGTTGTGATGTTCTAGTGTGTGTAATGCATGTAAGTACTCTCAACCAGTCCA  CTTGTTGTTTGTTAACATATGTGTGGGTGTAATGAGAGTGACATTGATGGTTGGACAGATTTCTCGTTGGACGACGATGTTGATT  TGCGTAGTCGTGTTCCATTTTCTGTCTACATGTTGATGAAGGAGTGTGTTTGTGTGTGTGTGTGTGTGTGAATGTGGGATATTGT  GTGTTGGGTTGATTATGTGTTGATTGTTTTTCGTTGTAATAGTGGTGTTTGAATGTTTGGTGAATGATGGTTATGGGGAGGAGTG  GTGTTCCCTGTTATGTTTCCGTTGTTCAGGTTGTGTGTGTTGTGTGTGTTGTGTGTGTTGTGATGTTCTAGTGTGTGTAATGCAT  GTAAGTACTCTCAACCAGTCCAATTGTTGTTTGTTAACATATGTGTGGGTGTAATGAGAGTGACATTGATGGTTGGACAGATTTC  TCGTTGGACGACGATGTTGATTTGCGTAGTCGTGTTCCATTTTCTGTCTACATGTTGATGAAGGAGTGTGTGTGTGTGTGTGTGA  ATGTGGGATATAGTGTGTTGGGTTGATTATGTGTTGATTGTTTTTCGTTGTAATAGTGGTGTTTGAATGTTTGGTGAATGATGGT  TATGGGGAGGAGTGGTGTTCCCTGTTATGTTTCCGTTGTTCAGGTTGTGTGTGTTGTGTGTGTTGTGATGTTCTAGTGTGTGTAA  TGCATGTAAGTACTCTCAACCAGTCCACTTGTTGTTTGTTAACATATGTGTGGGTGTAATGAGAGTGACATTGATGGTGGACAGA   >Smp_scaff000068  TGTTGATTGTTTTTCGTTGTATAGTGGTGTTTGAATGTTTGGTGAATGATGGTTATGGGGAGGAGTGGTGTTCCCTGTTATGTTT  CCGTTGTTCAGGTTGTGTGTGTTGTGTGTGTTGTGTGTGTTGTGATGTTCTAGTGTGTGTAATGCATGTAAGTACTCTCAACCAG  TCCACTTGTTGTTTGTTAACATATGTGTGGGTGTAATGAGAGTGACATTGATGGTTGGACAGATTTCTCGTTGGACGACGATGTT  GATTTGCGTAGTCGTGTTCCATTTTCTGTCTACATGTTGATGAAGGAGTGTGTTTGTGTGTGTGTGTGTGTGTGAATGTGGGATA  TAGTGTGTTGGGTTGATTATGTGTTGATTGTTTTTCGTTGTAATCGTGGTGTTTGAATGTTTGGTGAATGATGGTTATGGGGAGG  AGTGGTGTTCCCTGTTATGTTTCCGTTGTTCAGGTTGTGTGTGTTGTGTGTGTTGTGTGTGTTGTGATGTTCTAGTGTGTGTAAT  GCATGTAAGTACTCTCAACCAGTCCACTTGTTGTTTGTTAACATATGTGTGGGTGTAATGAGAGTGACATTGATGGTTGGACAGA  TTTCTCGTTGGACGACGATGTTGATTTGCGTAGTCGTGTTCCATTTTCTGTCTACATGTTGATGAAGGAGTGTGTTTGTGTGTGT  GTGTGTGAATGTGGGATATAGTGTGTTGGGTTGATTATGTGTTGATTGTTTTTCGTTGTAATAGTGGTGTTTGAATGTTTGGTGA  ATGAAGGCTGTGGGTTTCTTTGTTTTCTTGTATTTAGTTCTGATTTTATTTCTGTTTGTCTTTTTTTTATGTTTGCGGAGTGTTT  TCTTTTTTGTATTTTTGTTTGGTCTCTAATATTGTTATTAATTTATTTTCTTTTTTCGTGTTTTATTTGTTCTCTCTTTTAGGTT  GATGATGAAGATTACATTCCTTCTCGTTCTGAGCCATCTGATGTGAAGTACAATCGTCGTCGTTTGCTTATTCTTGCTCAAGTGG  AACGTGTATGTTTTTTTCTATTGTATAGTACTTGTTATATATATATTTTTTATCGTGTTTGTGTCGTAGATCGTTTTTCATTTGT  TGTAACTTTGTAGGTCAAAAATGATCCTCTCTCCGTCGTTTTATTCGTTGCTTTGTTAATTACACTTTTGACTTTTCTTTTACGA  TTGTTTCTATTTTTTTGACAGATAATTCCCTTTTAAACATTCGAAATTAAAAATACGAAGTTGAGCGAAGAGATCTCATTTCAAC  GAATTTTTTATCAAGCTGTACAATCGTACTAATATGGAAAATTGTTTTTTTGTTAAAGTACTAATGGGAACACAAATAACCGAGA  TGATGGAAAATAATCTTTCTATTGAATCATCTTGGTTATTCGTGTGCACTTTAAGGGCTGAATTTATAACAGAAGTTTGCTGAAA  CGGCCTCAAATCATTTAGTTTTTCCCTTGTTAATAAATGGCAGTTCTGATAATTAACATAACCCATTGTGTTATTGGATAAGAAT AAAGAGAAGTCAGCGAAGAAAATTTTCTTTTCCACTAAATCGTTTACTTAAGCTGTACATTCTTGTTTATAATCATACGGAAAAT  ACATGTCTAGAGAAGGATAGAAAAGATTGCATTATAAATGGATTCGAGACTCTTATTATCAAATGAGGTTTCGCAATAACCAATG  GGTAAGGAAGGAATATAACGATGAAAATAATAATTCACGGGTCAGATAATTGTCCAATTGACAGGTATGAAGAAAAATGACAAAC  ATGAAGGTCATAATAAAAACTGAATAATAATCATGAAAACTTGTAATAATAATAATAATAATAACTGATTAGAGTTTAAAATTAC  AAAACAGTTATCTAAAAAATCAATAATAACCGAAGAAAAACGAAGAAAAAAGGGAGAAAAACCGAAACATACTACTAAAGAGAAT  CAGGGGCAAGGAAGGATGAGAGGGGTTGGACCAGTCGTTTCTGTACACAAAGTTCGGGTCTGAGTTCGTGGATTGCCAATGCTCC  GGCAATGCATAAAATATTGATTCAATTTCCCTTCGATCCAATTCATTTGACTGTGTAGATTACTTTATGAGAAAACTCTTTTGCA  GTGATGTGTTCACAGTTAATTAAATGCTCCTGTATAGAACTAGTAATTGTTTTACATTCTCCTTTTAAAAGCCATGTCGGATAGT  GTTCTGAGATGCGTTTTGGAAAGTGCTCGCTTTGTGCGGCCAATGTAGCCTGCCCCACACTAGCAAGTAAATTTATAGATACACG  TTGATGTGGCCCAAAGAGGAAGTTTATACTTAACACATCGGAGAATGGTGGGCCGGCTAGAGAAAACAATTCTGAGCTTAGCTGA  GTAGAACGTTTTATTCAACGATTTTGAAATACGTTTATTTAAGATTTCAGCAGTCGTATCTCCCTTAAATTCCATATTCATAAAT  AGAATTTTCTTTTGTACTGTTGGTGCTTTGTCAGGATGACGTCTAGCTGTTAAGTTGCTACCGACGAATCTAGGTGGATAACCAT  TCCCAAAGAGAATCTGTCGACGTCGAAGTAGTTCCTCATCTATTGTGTCAGTAGGACATACTCGCCTGATCCTTGAGGATAAAGA  GTGAATCAAGTTCCTCTTTCTACTCAGTGGTACCCGGCTATGGAAATTCGTTTACTGCCCATTCCAGGTCGCTTTTCTATACATC  AAAAAAAAGAAATTAATTGTTTGCCTCTGCTTCCAAAGTGAATTGAATAGAGGGGTGATAATTACTGAAACTTCAAAATTTCATT  GAGGTTTATATCTTCTTCACAAATAATGAAAGTATCATCCATAGATCACCTATATAAGTGAAATCTCTCAATTATTGGTCGAAGT  TAGGTATTTTCTAGATTGGCCATGAAACAATCAGCCAAGAGGAGAACCAATAGAGAACCCATTGCAACTCTATCCATTTGTCTGT  AGGAATCATCATTAAATCTAAGTTGCACGTTGAGAGTACTTCGTAGAAGTAGCTCTTCTAGATAATGTTTTGGGATACAAATATC  AAGGTTATTGTTTTCAATATAGTTACATAAAAAACATAGTTTCTGTGAGAGGAACATTTGTAGAAAGAGAAGTAACATCCAGTGA  AATCATTTTCCTATCATTTATATTGACATTTTTAATTGAGTCGACAAAGTCAAAGGAATCAAGAGAATTGTATTTATTGATATGA  TTTTTAACGGATTGTAAAATATCAACTGGCCATTTAGCAATCAGATGATACAGAGAGTCGTCCATATCGAGCATAGGATGTAGAG  GGACATTATAACTATGAACTTTTGTGAGTCCATATAGTCTTGGTATAACGGAACCCGATGGTCTAATATGTTCATAGAGGTCACA  ATTGATAGTAAACTCATCTTTCATCTTCTTTAGGATTTTAATAAGCATCTGTTCCGTTTTTTTCAGTTGTCTTTTTGAACGGTTT  CTTTGGAGAATTTGACAGGATCATATAATATCGAACACAATTTGGTGACATAGTCAAGACGATCCACAAAGACGATTCTCAGACC  CTTGTCTAGGAGACACAACACTAAATCCTGATTTTTCGGAAGATCAGATAATTGAGATCTATGCTCTTTTGTGAGTAATCGACTA  ATTGTAGGTATTTTCTTCACATATTGATAACAACAGTCTACAAGAGTTGTTTTGAAATGCTCATAATCTTTATTAGATACTGGAA  TAAAGTCACTTGTCTGATGAATGAGGCTTTCAACCTAGATTTTAGCGTTGAGTTCATTAATGTTAGTTGAAGTACTACAAAATTT  AGGAACAACATTTATCTATAAATTTACTTGCTAGTGTGGGGCAGGCTACATTGGCCGCACAAAGCGAGCACTTTCCAAAACGCAT  CTCAGAACACTATCCGACATGGCTTTTAAAAGGAGAATGTAAAACAATTACTAGTTCTATACAGGAGCATTTAATTAACTGTGAA  CACATCACTGCAAAAGAGTTTTCTCATAAAGTAATCTACACAGTCAAATGAATTGGATCGAAGGGAAATTGAATCAATATTTTAT  GCATTGCCGGAGCATTGGCAATCCACGAACTCAGACCCGAACTTTGTGTACAGAAACGACTGGTCCAACCCCTCTCATCCTTCCT  TGCCCCTGATTCTCTTTAGTGGTAGTTCTGATTTTCAAGGTAGCCCACTCTAATAACTTTCCAATTCATATTTGCTTACTGATCC  TTGTTGTTATTTGATTGATTGTTCTCGTTAGGTATTTTTTATCAAATGTCTCAAGTCCATTTTCTTGATTATTAACAGAATTGTC  CCATTAAATTTTCGATTTCATCGAATGACAATTTTTTTCCTGAGTTCTACACTTTTTCTCATCAATCAAGGATTATTCTTGAACT  ATCGTGTATATGTCGTACGGATTTGTTCGCGTGAATTGCATTTCGCCCTAAAAACAGCTTGCTGTCGTTCGTAATTCTTAATTAT  CATAGCTTTCACAAAAGTGAACGAGACTGTTGGGAAGCTTTGAAATTATGTAAATAATATCATTATATACATTATCTATATATAT  ATGAAGATGGTTATTTATAGTGTTTAGTGATTTTTATGTTTTCTCTATTTTTTCCTCTCATATCTGTTTAGATGTTTTCAATATT  ATTGATCTTAGATGAAGTTTCCTTATCTCTCAAAAGAGTTGTTGTTCAAAATGACGCGTAAGTGTACCCTATACTTTTTGTAGAA  CTATGACTTTTTGACTTTCGGGTCTGATTTTTCACTTGAGAGCTGTACTGTTTTGTATTGTATCGCTCTAAAGTTCCCGTTTATA  ATCCAAAACGTGAAAACATTTAAATAAAACACTCGAAAAATAAATCAAACCTAGTGACCAAATATGCAATGAAGACCATTCATAT  CACGATTCTGTTCCAGAAAGTAATAAAATCCAGGGTTTTATCACTGCGAAATGATCAGTATTGAACCCTTTAAAATCTTTAAAAT  TATTAGAGTGTTTGAGGTCAGTGTTTCAATACGTATATTTATTCATGGAAATGTCATCTACATGATGGTTGAGAGTGTATCATAT  TATTACATCATTACTAGTAAGTTAATTCTACATTTGTTCCAGGTCAATCCATTCTTCTAGATATTCTTTAAAATTGTTAAAAGGC  TTGATATTTACCCACCTCAAAAAACATTCCACTATTATTCGCTACTATTAAATTAGATAATCTGCATCTGCTTTTAGAAAAAGCT  ACAGGATTCTGTCACTTCCATCTATTTAAACCTTAATTATTACTAATATCCCTAATATCTTATATGAATTTTTGTGCAAGTTTTC  ATGTCATGGACCTAGGCATACAAAAGTTTTATAATTCAATAAAACAGAACGATCTTTAAGAAATAGAAACTCCACAATTGCATTG  TGTTTATAGGTGTTGCTTTGACGTTTTGTGAATTCGTATACTACTTGGATAGTTTTTTTCTTCTTCATAGTATCTTGTGACTTCA  ATTAATGTTATTCCAAACTTTTCGGCATATTGACAAACATATTTGAATATAGAGCCTATTTGGATTTATTTTTTACAAAAAAATA  TAAAAAGTATTTGTGTATATATTCCTTGATTTGATTTCTTCTTCCCATAGACGTTCTCGACTGTTAGATTATCAACAAGAATTGA GTTGATTATA
TGTT---G--ATTGTTTTT-CGTTGTAATA GTGGTGTTTG AATGT--T-T -GG---TG--EST Contig
CT--ACCATA -GCAACCGCC ACCGTACCCA CCC-G-AATA GTCATG--TG A-TGTGGTGT AGGCGGTGGC 3155  3165  3175  3185  3195  3205  3215  SmBr18  TCGTTGTAA-TAGTGGTGTT TGAATGTTTG GTGA-ATGAT GGTTATGGGG AGGAGTGGTG TTCCCTGTTA  scaff000011  TCGTTGTAA-TAGTGGTGTT TGAATGTTTG GTGA-ATGAT GGTTATGGGG AGGAGTGGTG TTCCCTGTTA  EST Contig  TCGTTGTAAC TAGTGGTGTT TGATTGTTTG TTGACATGAT GGTTATGGGG AGGAGTGGTG TTCCCTGTTA  scaff000068  TCGTTGTA--TAGTGGTGTT TGAATGTTTG 3225  3235  3245  3255  3265  3275  3285  SmBr18 TGTTTCCGTT TGTTTGCGGA Yellow squared letters = CA88 nuclear repetitive DNA sequence end. Squared letters = CA88 nuclear repetitive DNA sequence begin. Underlined italic = SmBr18 microsatellite Underlined = GT rich region In red forward and reverse primers sites
GTGT-T-T--T-C-T-T---TT-T-T------GT--
